This paper develops and tests a linear valuation accounting model based on Lintner
Introduction
This paper develops and tests a linear accounting valuation model in the spirit of Lintner (1956) . Unlike the linear valuation model wherein dividends are a residual, dividends in the Lintner model are a decision variable. Specifically, Lintner recognizes that managers are unlikely to increase dividends, unless the earnings increases that generate the dividend increases are deemed to be permanent in nature. This stickiness aspect of dividends is well recognized in the *Stern School of Business, New York University **Jerusalem School of Business Administration, The Hebrew University We wish to thank the participants at the 1999 KPMG-JAM conference, and especially Tom Stober, our discussant, for helpful comments. empirical finance literature, most recently by Benzartzi, Michaely, and Thaler (1997) . Whether the stickiness of the dividend process has valuation consequences is one of the central issues of this study.
Despite the preeminance of the model in financial accounting research, the model seems to have little empirical content. Myers (1999) and Dechow, Hutton, and Sloan (1999) find that price predictions of the Ohlson model are no better than book values alone. This negative result obtains even when the abnormal earnings dynamic of the Ohlson model is extended to an AR(2) process (Callen and Morel [2000] ). Morel (1999a) finds that the firm-level risk premia predicted by the Ohlson model are not significantly different from zero.
What we propose is to maintain ex cathedra that price can be represented by the present value of expected dividends (conditional on current information) discounted at the firm's cost of capital. Furthermore, in contradistinction to Ohlson, dividends are assumed to evolve according to a Lintnerian dividend dynamic. The resulting model, as we shall see, still satisfies the nice linearity properties of the Ohlson model. However, it differs from Ohlson in two major respects. First, price is a function of contemporaneous earnings and book value rather than contemporaneous abnormal earnings and book value. Second, the Modigliani-Miller (Miller and Modigliani [ 196 11 ) dividend irrelevance proposition no longer holds. Whereas in the Ohlson model firms can access the debt markets costlessly at the risk-free rate in order to pay dividends, so that a dollar of dividends this period reduces next period's earnings by the risk-free rate, the Lintner model implicitly assumes that a dollar of dividends this period reduces next period's earnings by the return on investment. In short, distributing dividends is not a zero net present value activity. This is not unreasonable if only because externally generated funds are more costly than internally generated funds.
We follow Morel (1998 Morel ( , 1999a ) by estimating all model parameters endogenously, including firm-level costs of capital. Also, the model parameters are estimated nonlinearly (as well as linearly) since the parameters enter these models in a nonlinear fashion. Although a number of studies have estimated the and Ohlson-like models using firm-level time-series data,' with the exception of Morel (1998 Morel ( , 1999a , these studies either assume cross-sectionally constant costs of capital or estimate firm-level costs of capital exogenously using alternative models such as the three-factor Fama-French (1997) variant of the CAPM. In addition, with the exception of Ramakrishnan and Thomas (1992) and Morel (1998 Morel ( , 1999a , model parameters are estimated by ordinary least squares, effectively disregarding nonlinearity issues. It is extremely important when estimating the Lintner (or the Ohlson) model to estimate all parameters endogenously at the firm level, especially costs of capital. This is problematic in cross-sectional studies since endogenously estimated parameters are necessarily constant across all firms. The assumption that all firms have
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the same cost of capital and the same earnings persistence parameter are rejected by the finance literature and the time series literature on (annual) accounting earnings. Some cross-sectional studies try to avoid this criticism for the cost of capitalalthough the persistence parameter is typically assumed to be cross-sectionally constant2-by employing alternative models such as the CAPM or the Fama-French (1997) three-factor model to estimate firm-level costs of capital and then "plug" these estimates into the Ohlson valuation equation. Virtually all time-series studies are guilty of this as well. There are at least three (interrelated) reasons why this "mixing and matching" of models and the exogenous estimation of the cost of capital is problematic. First, a firm's value and its cost of capital are determined simultaneously so that it is conceptually problematic to use two disparate models, one to estimate the firm's value and the other to estimate its cost of capital. Second, since each model has its own unique assumptions and since neither model is a derivative of the other, the parameters estimated from one model need not be consistent with those estimated from the other. Third, besides being conceptually unsound, the exogenous estimation of a parameter from another model such as the CAPM, when that parameter is endogenous to the model being tested and can in fact be estimated endogenously, suggests that the model being estimated (Ohlson or Lintner) is incorrectly specified ab initio.3
This paper is organized as follows. Section 2 briefly develops the Lintner model. Section 3 describes two empirical methodologies for testing the Lintner model using firm-level time-series data. Section 4 describes the sample. Section 5 gives the empirical results for the two test methodologies. Section 6 concludes the paper.
The Lintner Model
The model and its variants assume that the clean surplus relationship holds but otherwise dividends are unconstrained. In contrast, the Lintner dividend model, although consistent with clean surplus, assumes a specific dividend policy for the firm. More specifically, in order to account for the well-documented reluctance of managers to increase dividends unless earnings increase permanently, Lintner (1956) assumes that firms have a constant long-run target payout ratio in mind when setting dividends:
where k* is the target payout ratio, d: denotes target dividends, and x, denotes earnings. Actual dividends are further assumed to adjust slowly to the target. In particular, Lintner assumes that the change in actual dividends (d,) is proportional to the extent to which target dividends deviate from last period's actual dividends:
where c is the "speed of adjustment" factor. In the spirit of the Ohlson framework-in which firm value is a function of accounting numbers rather than dividends-instead of eq. (2), we assume that firms set actual dividends by comparing target dividends with the return on last year's book value of e q~i t y .~ The return on last year's book value is a simple measure of long-run earnings in the absence of growth. Mathematically, where R denotes one plus the firm's cost of capital and y,-l is last period's book value of equity. Equation (3) says in words that firms adjust actual dividends above (below) long-run earnings in proportion to the extent to which target dividends exceed (are below) long-run earnings. Substituting eq. (1) into eq. (3) yields the Lintnerian dividend dynamic:
The assumptions of the Lintner model can be described in a manner similar to that of the Ohlson r n~d e l .~ Price is the present value of expected future dividends conditional on current information. The clean surplus relation holds. Earnings and the ''other information" variable follow first order autoregressive processes.6 Dividends follow a Lintnerian dividend dynamic. Formally, 6. In the Ohlson model, abnormal earnings rather than earnings are assumed to be AR(1). This difference is hardly innocuous. It is directly related to MM dividend irrelevance. PI = firm value at the beginning of period t, d, = dividends during period t, x, = earnings during period t, y, = book value of common equity at the end of period t, v, = "other information" during period t, o, y, c, k* = parameters of the processes, q,+, = white noise error terms, El = expectations operator at time t.
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Since v, is conceptually problematic and difficult to specify empirically for a large sample of firms, we assume that it enters the empirical estimation process as an intercept term. It is shown in the appendix that the Lintner model assumptions yield the valuation equation:
where K, is an intercept term.
It is worth noting that when c = 1, the Lintner model becomes the Gordon (1962) constant dividend growth model where k* is interpreted as the constant dividend payout ratio. In fact, the Gordon constant dividend growth model is a special case of the Lintner model.
In summary, the Lintner model can be described as follows:
Valuation equation:
It is worth noting that those papers that regress price on earnings and book value-such as Burgstahler and Dichev (1997) or Collins, Maydew, and Weiss (1997) , for example-are actually consistent with the Lintner model but are not consistent with the Ohlson model. To be consistent with Ohlson, price has to be regressed either on abnormal earnings and book value or, equivalently, earnings, book value, and book value lagged.
Test Methodologies
This paper uses two different methodologies to test the empirical content of the Lintner model. In the first methodology, the information dynamic and the valuation equation are estimated by linear ordinary least squares (OLS) and linear seemingly unrelated regressions (SUR) for each firm separately, implicitly abstract-ing from the nonlinear relationship among the various parameters.' More specifically, the linear system of equations:
x, = a, + a, + El,, 4 = PIX, + P 2 Yr-l + E m is estimated for each firm in the sample. As predicted by eqs. (8a) to (8c), the Lintner model has empirical content provided we find that 1 > a, > 0, 1 > PI > For the second test methodology, the Lintner model is estimated as a system of nonlinear (in the parameters) equations where the parameters k*, c, o, and R are restricted to be identical across the three eqs. (8a) through (8c). The parameters are estimated both by nonlinear OLS and nonlinear SUR. Here the focus is on parameter values obtained for the long-run payout ratio k*, the speed of adjustment parameter c, the earnings persistence parameter o, and the firm's cost of capital R -1. Does the Lintner model yield statistically significant values for these parameters? Furthermore, are the estimated values of the firm's cost of capital economically significant?s
Sample Selection
The sample is selected from the period 1962 to 1996, a maximum of 34 years 1. Data must be available for each firm on at least 25 years of Compustat Primary, Secondary, and Tertiary, Full Coverage, and Research Annual Industrial Files.' The data include annual earnings, book values of equity, total liabilities, common equity shares outstanding, the adjustment factor for stock splits and dividends, and the closing price at the end of the third month after the firm's fiscal year-end.'" of annual data. The sample selection criteria are as follows:
7. Since the system of eqs. (8a) to (8c) (or equivalently eqs.
[9a] to [Sc] ) is triangular, simultaneous equations bias is not an issue.
8. Since medium and long-term US. government bonds were. yielding a minimum of four percent for the sample period under consideration, building in a risk premium, we would expect a minimal economically significant cost of capital of no less than 9 percent. See Ibbotson Associates ( I 996).
9. The 25 year requirement limits the generality of this paper because of potential survivorship bias. It is necessitated by the firm-level analysis.
10. Annual earnings are defined as earnings per share before extraordinary items and discontinued operations (annual Compustat item 58). book value is defined as common equity (annual Compustat item 60), price is defined as the closing price at the end of the third month of the first quarter after the firm's fiscal year-end (quarterly Compustat item 14). all items which are listed in per share form are scaled by the adjustment factor (annual Compustat item 27). Total assets are defined as book value of equity (60) plus total liabilities (181). The latter definition was necessary because Compustat contained many missing values for total assets, especially in the early sample years. Since this study investigates whether annual earnings and book values are reflected in stock price valuation and since annual earnings In the regressions that follow, all variables are scaled by beginning of the year total assets. Unlike cross-sectional regressions, where scaling is done to minimize heteroscedasticity problems and to enhance cross-sectional comparability, scaling is performed in time series analysis in order to help induce stationarity for each firm's time series. A recent study by Qi, Wu, and Xiang (2000) finds in fact that nonstationarity is mitigated in the Ohlson model if the data are normalized." Table 2 presents Spearman and Pearson mean correlations-correlations are computed separately for each firm and the mean taken over all firms in the sample-among the independent variables that are used in the regression analysis. All correlations are significant at p = .OOO1 based on a cross-sectional t test. Not surprisingly, earnings and end-of-year book values are highly correlated as are earnings and earnings lagged and book values and book values lagged.
Empirical Results
Linear OLS and SUR Regressions
The information dynamic and the valuation equation were estimated by linear OLS and linear SUR for each firm separately. The coefficients were not restricted in any fashion. Tables 3 and 4 list the mean (across all firms) coefficient estimates for the system of eqs. (9a) to (9c) using OLS and SUR, respectively. The numbers are generally released toward the end of the first quarter, stock prices at the end of the first quarter are used in the analysis. 1 1. Stationarity is also discussed further below. in parentheses are the associated cross-sectional r statistics computed as the mean coefficient over all firms in the sample divided by the standard error of the coefficient. Both the OLS and SUR regressions yielded qualitatively similar results. All regression coefficients are significant at the 1% level. Except for the book value coefficient in the price equation, all other parameter estimates have the correct signs and satisfy the bounds predicted by the Lintner model. The book value parameter estimate in the price equation has the correct sign but is significantly greater than 0.5, the upper bound value predicted by the Lintner model.I2
Nonlinear OLS and SUR Regressions
Unlike the linear methodology, the second test methodology recognizes that the parameters in the dividend and price equations are nonlinearly related. The second test involves estimating the system of eqs. (8a) to (8c) of the Lintner model on a firm-level time-series basis using nonlinear OLS and nonlinear SUR." The parameters are assumed to be identical across the information dynamic and valuation equation. Table 5 gives the mean parameter estimates for both nonlinear OLS and nonlinear SUR. The upper figure in parentheses is the median Wald statistic for the parameter estimate. The Wald statistic in nonlinear regression takes the place of the r test in linear regression and tests the hypothesis that the parameter estimate is statistically insignificant. The lower figure in parentheses gives the proportion of firms in the sample for which the null hypothesis of a zero coefficient 12. Although the book value coefficient appears to be close to I, this does not confirm Ohlson. In the Ohlson model, price is regressed on abnormal earnings, not earnings.
13. The nonlinear regressions were performed using the SAS model procedure. Various initial estimates were tried for each regression (for each firm) based on a grid for c, k*, w, and R. In particular.
the initial values of c, k*, and w were bounded by 0.1 and 1.0 with increments of 0.1 whereas the initial values of R were bounded by 1.0 and 1.25 with increments of 0.025. Globally, c, k*, and w were bounded by 0 below and 1 above, whereas R was bounded by 1 below and 1.25 above. x, = Annual earnings year r (normalized by beginning of the year total assets).
d, = Dividends year t (normalized by beginning of year t total assets). P, = Firm value three months after year-end t (normalized by beginning of year t total assets).
y, = Book value of equity end of year t (normalized by beginning of the year total assets).
TA,-, = Total assets beginning of year t. is rejected by the Wald test at the 5 percent significance level. The nonlinear OLS and SUR regressions yield qualitatively similar results with approximate mean parameter estimates of k* = .66, c = .30, o = .81, and R -l = .0425. Of these parameters, o and R -1 are statistically significant at the 1% level, c is not statistically significant, and k* is statistically significant in one regression but not the other. However, although R -1 is statistically significant, it is clearly not economically significant (on average) for the sample period.
Summary
Overall, the empirical results tend to confirm some aspects of the Lintner valuation model but not others. The linear regressions (OLS and SUR) yield mean parameter coefficients that are statistically significant as predicted, of the correct sign, and with one exception, consistent with the underlying bounds on these parameters as predicted by the model. The mean book value coefficient estimate in the price equation while positive and significant, as predicted by the model, exceeds the theoretical upper bound of 0.5. Although the nonlinear regressions (OLS and SUR) yield significant mean coefficients for most of the parameters, the mean dividend equation parameter c was not statistically significant. Interestingly, this is precisely the coefficient that determines the upper bound for the book value co- 
x, = Annual earnings year r (normalized by beginning of the year total assets). d, = Dividends year r (normalized by beginning of year t total assets).
P, = Firm value three months after year-end r (normalized by beginning of year r total assets).
y, = Book value of equity end of year t (normalized by beginning of the year total assets). TA,-, = Total assets beginning of year r. Table entries are mean coefficients over all sample firms. The figures in parentheses are r statistics *Significant at the 1% level.
computed as the mean coefficient divided by the standard error over all firms.
efficient in the price equation. Equally problematic, although the endogenously determined cost of capital estimates are statistically significant on average, they are not economically significant. l4
Stationarity
The time series regressions models in this paper rely implicitly on stationarity for their validity. If the process generating any one of the variables is nonstationary, then the nonlinear regression model results may be sp~rious.'~ Since economic and accounting data generally tend to exhibit nonstationary behavior, such as upward trending over time, nonstationarity can be a serious problem.I6 Therefore, each of the 735 firms in the sample was tested for stationarity using the Phillips-Perron (1988) unit root tests."
14. This is somewhat of an improvement on the Ohlson model where the cost of capital estimates were found to be both statistically and economically insignificant on average (See Morel [1998] ).
15. In particular, the variance-covariance matrix (divided by the sample size) does not tend to a positive definite matrix as the sample size increases.
16. Normalizing of the data by total assets is an attempt to mitigate this potential problem. Differencing the data, although preferable from a statistical point of view, is inconsistent with the levels spirit of the Ohlson model. 
x, = Annual earnings year t (normalized by beginning of year t total assets). y, = Book value end of year t (normalized by beginning of the year total assets). d, = Annual dividends year t (normalized by beginning of year t total assets).
TA,-, = Total assets beginning of year r. v,, q, = Intercept terms. w = Earnings growth (persistence) rate. R = One plus the firm's cost of capital. P, = Firm value three months after year-end t (normalized by beginning of year t total assets). c = dividend speed of adjustment. N = number of observations. k* = target dividend payout ratio. Table entries are mean coefficients over all sample firms. The top bracketed number is the median of the Wald statistic (the square of the pseudo t statistic) over all sample firms. The Wald statistic in these tables tests if the parameter is statistically different from zero (or 1 for R). It is distributed asymptotically chi-square with one degree of freedom. The bottom bracketed figure is the proportion of firms for which the null hypothesis could be rejected at the 5% significance level based on a Wald test. *Significant at the I % level.
A firm was deemed to be stationary if nonstationarity could be rejected for each one of its time series (normalized price, earnings and book values) at the 10 percent significance level.I8 This requirement yielded a subsample of 129 firms. All regressions and sample statistics were rerun for this smaller subsample of stationary firms.I9 The results are qualitatively similar to those of the larger sample suggesting that nonstationarity is not driving the results. Dickey-Fuller (1979 , 1981 tests, the Phillips-Perron does not assume that the errors are statistically independent and of constant variance.
18. We also tried the 5 percent significance level. Nonstationarity was rejected for 66 firms. The regression results for this subsample also yielded comparable results.
19. The results are available from the author.
Summary
This paper develops a Lintnerian linear accounting valuation model. The empirical content of the model is tested in two ways. First, estimating the information dynamic and the valuation equation by linear OLS and SUR-thus abstracting from the nonlinear relationships among the parameters-the model is evaluated by reference to the parameter signs and values. Second, the model is estimated as a system of restricted nonlinear equations where it is assumed that the parameters are equal across equations. The resulting estimates of each firm's parameters are evaluated for statistical significance, as well as economic significance in the case of the cost of capital.
Results of the first test are consistent with the Lintner model with the one exception of the book value coefficient. The results of the second test are more problematic. Most bothersome is the finding that cost of capital estimates are not economically significant for the time period under consideration, although they are statistically significant.
Overall, these results suggest that the Lintnerian linear accounting valuation model, like the model and its variants, need to be improved on if they are to have strong empirical content. The call for further research is evident.
Appendix
Valuation in a Lintner Model of Dividends
As pointed out in the text, the assumptions of the Lintner model can be described in a manner similar to that of the Ohlson model. Using the clean surplus relationship, it can be shown in a straightforward fashion that
